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Objective: The research sought to determine the effect
of a clinical medical librarian (CML) on outcomes of
in-patients on the internal medicine service.

Methods: A prospective study was performed with
two internal medicine in-patient teams. Team 1
included a CML who accompanied the team on daily
rounds. The CML answered questions posed at the
point of care immediately or in emails post-rounds.
Patients on Team 2, which did not include a CML, as
well as patients who did not require consultation by
the CML on Team 1, served as the control population.
Numerous clinical and library metrics were gathered
on each question.

Results: Patients on Team 1 who required an answer
to a clinical question were more ill and had a longer
length of stay, higher costs, and higher readmission
rates compared to those in the control group. Using a
matched pair analysis, we showed no difference in
clinical outcomes between the intervention group and
the control group.

Conclusions: This study is the largest attempt to
prospectively measure changes in patient outcomes
when physicians were accompanied by a CML on
rounds. This approach may serve as a model for
further studies to define when and how CMLs are
most effective.

INTRODUCTION

Physicians have long been aware of the need to
optimize care of their patients by searching the
medical literature. At one time, doctors searched for
publications addressing a specific clinical question
through the laborious review of the monthly issues
and yearly volumes of the Index Medicus. Yet,
computerization of the searching process in 1970
brought new challenges [1]. Although many physi-
cians knew the question that they wanted answered,
they were now required to first become computer
literate and then learn computer search methods. In
addition, research by Ely et al. has shown that some
clinicians fail to pursue the answers to their own
questions that may make a difference in providing
better patient care [2, 3].

In the mid-1970s, the clinical medical librarian
(CML) emerged to help clinicians quickly find
information for the care of their patients [4–8].
Physicians who worked with a CML recognized that
the CML could help them find the information that
they wanted, increase their knowledge of medical
advances, and save them time [9]. In the 1990s,
libraries became fully computerized. CML services
grew as the need for computer skills increased and
the relevance of evidence-based medicine (EBM) and
evidence-based practice (EBP) became increasingly
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Highlights

N Physicians have more queries for a clinical medical

librarian (CML) when the patient has more complex

medical problems.

N The research provides a detailed description of how a

CML can function in a medical team and identifies

team members most likely to ask questions that

require a CML’s searching abilities.

N The most frequently used resources to answer

clinical questions were PubMed, followed by Access

Medicine and MD Consult.

N No difference was found in clinical outcomes be-

tween the intervention group and the control group.

Implications

N A CML can be most effective by rounding with those

physicians who see the more complex medical

problems (severe diseases and high number of

secondary diagnoses).

N It is difficult to compare the effects of CML

intervention, because so many variables outside the

CML’s control are involved. These include the

physician’s utilization of the literature, the physician’s

level of competence, the uniqueness of each patient,

and the practice setting.

N Although difficult to implement, further research

addressing the impact of a CML on patient outcomes

would likely benefit from a more sophisticated study

design compared to the case-control study undertak-

en here.
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recognized [10, 11]. During this decade, it is the
authors’ perspective that the prevalence of CMLs
expanded due to two educational initiatives. First, the
Association of American Medical Colleges (AAMC)
formally recognized that physicians must engage in
lifelong learning [12]. Second, the Accreditation Coun-
cil for Graduate Medical Education (ACGME) devel-
oped the competency, ‘‘practice based learning and
improvement,’’ for all physicians in training [13]. As
opposed to the time when the Index Medicus was in use,
librarians now typically organize educational programs
and serve as key teachers for medical students in
computerized searching, EBM, and often critical anal-
ysis. In the literature, the CML has been recognized by
residents and physicians as an expert in searching for
clinical answers using electronic resources [14–17].

In spite of the presumed benefit to physicians and
students of a CML, the evidence for the effects of the
presence of a CML on patient care outcomes is not clear.
A 2004 systematic review noted that studies involving
CML services rarely addressed specific outcomes such
as readmission rates, hospital or physician costs,
mortality, or length of stay [18]. A more recent systematic
review determined that very few studies have even
collected survey data on the impact of CML services [19].
The first prospective study of CMLs to utilize outcomes
as a measurement was reported in 1994. It showed that a
literature search conducted early in the hospitalization of
a relatively small population of patients resulted, on
average, in lower charges and a shorter mean length of
stay [20]. A second report published in 2007 measured
the effects of the CML in providing information on a
series of patients presented in a department of medi-
cine’s morning report [21]. Immediately following the
presentation of a newly admitted patient, a librarian,
along with the department chair or chief resident,
conducted a search of the medical literature to address
questions regarding the care of the patient. The
information was then provided to the house officers
providing care. This study concluded that ‘‘presentation
of a case at morning report, followed by the timely
dissemination of the results of an online literature
review, resulted in a shortened length of stay and lower
hospital charges compared with controls’’ [21]. Yet, one
of the recognized limitations of that report was the
limited number of matched patients.

Seeking to provide further insight into the value of
a CML working with physicians providing in-patient
care, the Louisiana State University (LSU) Health
Shreveport Departments of Medical Library Science
and Medicine began a study to determine whether
having a CML embedded in the ward team to answer
questions posed by care providers affected the length
of stay, cost of care, or readmission rate of the
hospitalized patients.

METHODS

Hospital setting

LSU Health Shreveport is an urban medical campus
serving northwest Louisiana. The hospital has 459

beds with more than 125,300 annual in-patient days.
The patient population is primarily indigent and
underprivileged. The Medical Library is an academic
department in the School of Medicine and serves as
the principal information resource for the School of
Medicine, the University Hospital, the School of
Graduate Studies, and the School of Allied Health
Professions. In 2004, the Medical Library collaborated
with the Department of Medicine to implement a
morning report program [21]. This collaboration led
to the hiring of a full-time CML, funded through and
based in the Department of Medical Library Science.
A major role of the CML was to help address the
Department of Medicine’s informational needs.

Prior to beginning this current study, the library
had fifteen faculty positions and operated on a
traditional model with departments such as reference,
user education, technical services, and information
technology. The position of CML was filled in October
2007. The hired CML had more than twelve years of
experience as a librarian, four of these as a hospital
librarian serving on multidisciplinary teams address-
ing trauma, neurology, and cardiovascular informa-
tion needs. The CML fully participated in morning
rounds Monday through Friday, alternating between
those two (of five) internal medicine (IM) teams
(referred to as Team 1 and Team 2, below) that
included American Board of Internal Medicine certi-
fied physicians. A possibly unique feature of this
CML’s position was access to the electronic medical
records of the patients seen by the teams. Because the
CML was involved in ‘‘health care operations
activities’’ and part of the ‘‘related services’’ in the
health care team, the policy of the Office of Civil
Rights in the Department of Health and Human
Services allowed access to medical information of the
patients hospitalized on the ward team [22]. The CML
reviewed patient records prior to rounds and brought
new patient information to the team for discussion.

Each team conducting rounds with the CML was
typically composed of a faculty attending physician, a
second- or third-year resident, and 2 interns. Often, 1
to 2 medical students joined the team for 2 weeks at a
time, and sometimes, at the discretion of the Pha-
rmacy School, a pharmacist, pharmacy fellows, or
pharmacy students joined the team for 1 or 2 weeks.
Rounds were made daily and involved the presenta-
tion of patient care information by a house officer or
medical student to the attending faculty member,
usually followed by the examination of the patient.
The initial presentation typically included an assess-
ment of the clinical symptoms that prompted the
patient’s arrival at the hospital, the patient’s medical
history and physical findings, basic management
needs for the care of the patient (medications, etc.),
and diagnostic tests to be scheduled. Daily, or more
often as needed, the faculty member reviewed the
recent events in the care of the patient, clinically
assessed the patient, and acted on the collected
information to develop a plan for care. Rounds
usually began around 9:00 a.m. and ended by noon.
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Experimental design

A 2-armed prospective interventional study was
designed to evaluate the effect of intervention by the
CML on patient outcomes within a single institution.
The required number of study patients in the
population was based on projections of primary
outcome (i.e., difference in length of stay between
the comparison and intervention groups). A sample
size of 253 patients in each group was estimated to
have 80% power to detect a difference in means for
length of stay of 1.5 days or of a 20% change (the
difference between a comparison group mean of
7.5 days and an intervention group mean of 6.0 days),
assuming that the common standard deviation was
6.0, using a 2-group t-test with a 0.050 2-sided
significance level.

The proposal, ‘‘The Effect of a Clinical Medical
Librarian on Internal Medicine at Louisiana State
University Health Sciences Center [LSUHSC],’’ re-
ceived institutional review board approval (LSUHSC-
Shreveport H11-040) in May 2008. Patient enrollment
occurred over 78 weeks, beginning in June 2008 and
ending in November 2009. While the final question
was asked in November 2009, data could not be
collected from the electronic medical record system
until the last patient was discharged. As a result, data
collection did not take place until 2010. For matching,
we matched each case in the intervention group with
a maximum of 4 control patients who were hospital-
ized for at least 1 day on the IM service from June 1,
2005, to May 31, 2010. The 5-year time span was
chosen to provide a sufficient number of matched
cases.

Clinical medical librarian intervention

Many questions occur during rounds, and while
many are answered by the attending or other
members of the team, some need further information.
The CML was embedded only in Team 1 throughout
the seventy-eight weeks of the study, so only Team 1
patients were eligible for the intervention group.
Patients from Team 1 entered the study as members of
the intervention group whenever a care provider
asked the CML a question regarding the care of that
patient. If no query to the CML was made regarding
patients hospitalized on Team 1 throughout their stay,
they joined all of the patients in Team 2 as members
of the control population. Demographic information
such as medical record number, patient number, and
attending physician and library metrics such as date
of question, search time, and resources used were
documented by the CML on the data collection form
(Appendix, online only). Whenever possible, the CML
answered specific questions posed by team members
during rounds using online medical information
resources, in the same manner as was done prior to
initiating the study. More detailed answers and
answers to more complex questions were supplied
via email after rounds. Email messages would
summarize the answer to the question posed, refer

to the citation, and provide full-text of the cited
articles, when available. Instruction by the librarian
on search techniques and possible resources to use
was limited to reduce the number of intrusions on the
clinical team.

In addition to the access to the CML provided to
Team 1, all members of both Team 1 and Team 2
could use information resources that are always
available to them. These included, but were not
limited to, using hospital computers (linked to full
library resources) on each ward, using their personal
smart phones and pocket handbooks of medicine, or
going to the library and speaking to an available
librarian (not the CML).

Statistical analysis

A number of aspects of the statistical analysis of our
previous work was incorporated into this report [21].
We performed three analyses in this study. The first
compared outcome variables between the interven-
tion group and control group. The second compared
clinical results for intervention cases with the clinical
results for up to four matched controls. The third
compared the outcome variables of readmission and
mortality rates for pairs formed by intervention cases
and their first matched control.

The first analysis compared outcome variables
between the intervention group patients and the
control population. Demographic information, prima-
ry diagnostic code, and number of concomitant
diagnostic codes (secondary diagnoses) as well as
hospital length of stay, hospital cost, and readmission
rate within 30 days were determined for the 252 cases
(23% of the patients on Team 1) forming the
intervention group and the 1,948 members of the
control group (the remainder of the patients on Team
1 and the patients on Team 2). To evaluate whether
the presence of the CML influenced length of stay, all
patients were required to be hospitalized for at least
1 day to be included in the analysis. We used the
Wilcoxon 2-sample test to test for statistical differenc-
es between medians or the Student’s t-test to test for
differences between the means of the 2 populations,
depending upon the distribution of the outcome
variables.

The second analysis was a matched case-control
analysis. This analysis was based on the intervention
group and the control group of all patients admitted
for more than 24 hours to the IM service from June 1,
2005, to May 31, 2010. Matching criteria included an
identical primary diagnosis (International Classifica-
tion of Diseases, ninth revision [ICD-9], code with
decimal), age (+/25 years), and secondary diagnoses
(+/23). For this matched analysis, the non-parametric
Wilcoxon signed rank test was used because of the
non-normal distribution of data. The average value of
the outcome measure (e.g., length of stay) for up to 4
control patients per matched intervention case was
used to compute the difference.

For the third analysis, the paired analysis, we
compared in-hospital mortality between the matched
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groups of the cases with their closest matched control
(i.e., usually the first of several controls identified
during the matching process), using McNemar’s test.
The closest match was defined as the match with the
smallest absolute value of the total difference where
the total difference5|age difference|+|difference in
the number of secondary diagnoses|. In case of ties,
matches were chosen randomly. Matching of cases
and controls and all statistical data analyses were
performed using SAS system 9.2 for Windows (SAS
Institute, Gary, NC). All 2-sided P-values were
reported, and P,0.05 was considered statistically
significant.

RESULTS

Two thousand two hundred six patients were
hospitalized on the 2 IM teams and were eligible to
be enrolled between June 2008 and November 2009.
The CML answered 334 questions on 258 unique
patients (13% of the patients) (Table 1). Because the
study protocol required patients to have a length of
stay of at least 1 day, 6 patients were eliminated from
analysis. The remaining 252 patients became the
intervention group.

The most frequent requestor of information was the
attending physician, followed by third-year medical
students on the team (Table 1). Treatment and diag-
nostic questions dominated the information needs of
the IM team, but they also frequently requested general
overviews to expand their knowledge. The CML
worked over 636 hours, with almost 123 hours
dedicated to researching clinical questions (Table 2).
Of the 636 CML hours, more than 347 hours were at the
bedside of patients and 128 hours were meeting with
the patient care team and discussing patients. The most
frequent resources searched to answer questions were
PubMed, followed by AccessMedicine and MD Con-
sult. PubMed and AccessMedicine were the resources
with highest number of relevant citations; however,

many times the attending asked for a document from a
specific website. For example, 2 of the specific websites
with the most requested resources were the New
England Journal of Medicine and the Infectious Diseases
Society of America. When considering resources used
in the study, it is important to note that LSU Health did
not have access to DynaMed at the time of the study.

Table 3 shows demographic and comparative re-
sults for the 252 cases forming the intervention group
and the 1,948 control cases. Although the intervention
group was younger, there was no difference in gender
or race between the 2 groups.

Table 4 shows the differences in the intervention
and control groups. The median patient length of stay
in the hospital, median patient costs, the number of
diagnostic codes, and readmission rates within thirty
days are shown. Compared to the study population,
those patients with questions answered by the CML
had significantly higher thirty-day readmission rates,
longer lengths of stay, higher costs, and more
diagnoses.

Matches were made for 132 of the 252 intervention
cases. Fifty cases had 4 matches; 26 cases had 3
matches; 23 cases had 2 matches; and 33 cases had
1 match. Table 5 shows the comparability of the
matches in the paired analysis. In this table, negative
numbers mean that the values were greater in the
comparison group, while positive numbers mean the
values were greater in the intervention group. The
median age of the control group was older in the
paired analysis. No statistically significant differences
between the intervention and control groups were
found for median difference in the total number of
diagnostic codes, length of stay, or hospital cost.

Table 6 measured the in-hospital mortality and
readmission rate within 30 days for the 132 matched
pairs. Mortality was 3.8% for the control group and
1.5% for the intervention group. This difference was
not statistically significant (P50.25). Despite match-
ing, the intervention group had a dramatically greater
readmission rate within 30 days (P50.0002).

Finally, there were no differences (data not shown)
in gender, race, or readmission rates when comparing
the matched and unmatched members of the inter-
vention group; however, mortality was marginally
greater in the unmatched members (6.67% vs. 1.52%,
P50.051).

Table 1
Characteristics of questions posed to clinical medical librarian (CML)

Questions Number

Summary Total questions 334
Unique patient questions 258
Questions answered via email 274
Questions answered at point of care 60

Requestor Attending 231
3rd-year medical student 41
Resident* 39
Intern{ 12
4th-year medical student 8
Other{ 3

Type1 Treatment 121
Diagnostic 82
Reviews 81
Epidemiology 43
Other types 7

* Refers to the 2nd- or 3rd-year resident responsible for supervising the
residents, medical students, and others on the patient care team.
{ First-year medicine interns, 1st-year medicine/pediatric interns, and prelim-
inary interns are grouped under this category.
{ Other: pharmacist, pharmacy student, physician assistant.
1 Based on Ely et al. Taxonomy of generic clinical questions [25].

Table 2
Resources used by time and number of citations retrieved

Research time per
resource (hours)

Citations retrieved by
resource

PubMed 94 1,780
AccessMedicine 7 43
MD Consult 5 17
UpToDate 3 29
Other 3 22
Website requested 3 37
Stat!Ref 3 9
National Guideline

Clearinghouse 2 18
MicroMedex 2 13
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DISCUSSION

Our intention was to compare the outcomes of
patients: the ‘‘intervention group,’’ who benefited
from the addition of a CML who provided point-of-
care information, with the control population, for
whom a CML did not answer questions. However, the
comparison was complicated by differences between
the intervention group and their controls. Using
parameters that are commonly recognized to measure
the effect of an intervention in hospitalized patients,
we found that the intervention group was more ill
than the controls. The intervention group had longer
lengths of stay, higher cost, greater number of
diagnoses, and higher readmission rate, despite their
younger age, than the controls (Table 4). When a
matched pair analysis was performed to minimize the
effect of disease heterogeneity, which could affect the
parameters measured in this research, the differences
of the median length of stay, hospital cost, and
mortality rates between intervention patients and
their controls were not statistically significantly
except for a dramatic difference in readmission rates
within 30 days between the 2 groups (Table 6). The
reasons for this difference are not clear. Comparison
of matched to unmatched patients in the intervention
group indicated that 132 matched patients in the
paired analysis were similar to 120 unmatched
patients, except for a marginal increase in mortality
rate among the unmatched patients. The increase in
readmission rates, too, is not easily understandable.
Overall, using the intervention and the approach to
statistical analysis described above, we concluded
that we did not improve patient outcomes by this
intervention.

Two previous reports suggest that when a search
was done earlier in the patient’s stay, differences in

outcome occurred [20, 21]. In this report, 249 of the
252 clinical queries referred to the CML were made
within the first day of the patient’s hospitalization.

We recognize several limitations of this report.
First, this project was undertaken with a single CML
at a single academic medical center. Second, we did
not attempt a randomized controlled study design
because responding to all questions during attending
faculty rounds was a part of the regular job duties of
the CML. We could not answer queries on some
patients and refuse to answer queries on others.
Third, we considered a larger population but thought
it impractical as the likelihood in recognizing a
difference of 15% (not 20% as we chose) between the
2 groups would have required 443 interventions and
an extended time frame. Fourth, the IM team was not
required to review the information provided by the
CML in an attempt to answer the clinical question. In
other cited clinical studies, it was a condition that
clinicians review the clinical information and address
the usefulness of the information by either including
or rejecting this information in the care of the patient
or by addressing the usefulness of the information in
a follow-up survey [20, 21]. Finally, the care was
provided in a safety-net hospital. Although matching
was done, patients with complex problems might
remain hospitalized for prolonged times as options
for long-term acute care hospitals or rehabilitation
centers may not be available due to insurance status.
This might have biased the outcomes as those who
were more ill were more likely to remain in the
hospital. This would directly impact the length of stay
and the hospital costs. In addition, a recent publica-
tion indicates that readmission rates may be beyond
the control of a medical team; therefore, its value as an
outcome measure may be diluted [23]. With these
limitations, it is not surprising that little work has

Table 4
Comparison of clinical results between intervention and control patients

Intervention (n=252) Control (n=1,948) P-values

Readmit in 30 days No 203 1,695
Yes 49 (19.4%) 253 (13.0%) 0.008*

Length of stay (days) Median 6 4 ,0.0001#
Cost (US dollars) Median $14,042 $8,904 ,0.0001#
Number of diagnoses{ Median 8 7 ,0.0001#

* Chi-square test; # Wilcoxon 2-sample test.
{ includes all primary and secondary diagnoses.

Table 3
Comparison of demographic data between the intervention and control groups

Intervention (n=252) Control (n=1,948) P-value

Gender Female 120 (47.6%) 944 (48.5%) 0.801*
Male 132 (52.4%) 1,004 (51.5%)

Race Black 158 (62.7%) 1,166 (59.9%) 0.586*
White 91 (36.1%) 747 (38.4%)
Other 3 (1.2%) 35 (1.8%)

Age Mean (6 standard
deviation)

48.5 (15.2%) 51.7 (15.0%) 0.0016#

* Chi-square test; # t-test.

The effect of a clinical medical librarian
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been done to measure the impact of the interventions
by the CML on patient care outcomes.

The intervention group was very different from the
control population. As a group, they were more ill, as
evidenced by their hospital stay duration; had a
higher cost of care; and had a greater readmission rate
within thirty days of discharge. It is not surprising
that physicians would have more queries regarding
those with more complex medical problems.

To evaluate the effects of intervention, the degree of
heterogeneity of disease, the severity of disease, and
the number of concomitant conditions (secondary
diagnoses) were minimized by matching the potential
control patients by ICD-9 codes, age, and total number
of diagnostic codes to the members of the intervention
group. Although commonly used and considered
reasonable, these match criteria might not be optimal.
Propensity score matching was tried in an attempt to
overcome the intervention and control group differ-
ences. The heterogeneity of diagnostic codes would not
allow a reasonable propensity score projection [24].
This problem could be addressed in future studies by
focusing on single (common) disease groups with less
heterogeneity in severity and comorbidities.

A recent review addressed the intrinsic difficulties in
studying the field of clinical librarianship [19]. Using
the population, intervention, comparator, and outcome
(PICO) model to explain the complexities, that review
sheds light on the issues of possible bias in team
selection, the difficulty in defining the role of a clinical
librarian, and the complexity of evaluation. The authors
understand that the designs of intervention studies in
clinical settings are complex and the influences on
results may be subtle and difficult to measure. The
educational dynamics associated with patient care in a
ward team with an embedded CML can be complicated
by the personalities of the members of the team, the
academic interests of team members, and the leader-
ship and level of competence and experience of the
attending physician. Similarly, comparing the quality of
patient care between providers on different teams is
difficult. Furthermore, the knowledge and experiences
of the CML may affect the interactions within the team,
as well as the appropriateness of the results of the
literature search. Hidden factors such as acceptance of

the CML by the care providers as well as the CML’s
ability to work with the members of the ward team; the
relevance of the questions to the patient’s outcome; the
utilization of the material provided to the faculty,
residents, and students; the availability of resources (i.e.
new drugs, procedures) to adopt a modified care plan;
and the presence of literature providing a definitive
evidence-based answer can obscure or amplify the
effect of CML services. All of these variables can be
magnified by studies of short duration or situations
where there is relatively rapid turnover of the care
providers on the ward team.

CONCLUSIONS

This report is the largest study published to date to
prospectively measure the use of ‘‘hands-on’’ librarian
interactions with physicians in delivering patient care
and not solely assess patient care outcomes by
questionnaire. Can the same outcomes be expected in
all settings? Future research, perhaps in the context of a
randomized controlled study, could evaluate the
effectiveness of a CML at the point of care among care
providers in other (i.e., nonprofit, for-profit) hospitals.
Are there differences between the outcomes of a CML
integrated into patient care in IM and the results
gleaned from implementing such a program in the
department of pediatrics, the trauma department, or a
setting, such as the military, where a considerable
amount of care is provided by physician assistants or
nurse practitioners? Clinicians may conclude that their
smart phones or the patient care handbooks in the
pockets of their white coats sufficiently address all of
their clinical questions on a day-to-day basis. Yet, do
physician attitudes stand in the way of accepting the
full benefit of work done by the CML? As librarians
advocate for EBM and EBP, they need to reach beyond
surveys of satisfaction and continue to directly address
the impact of their services on patient outcomes.
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